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Executive Summary

In this study, we examine the arrangements for and experiences of end-use loads providing
ancillary services (AS) in five electricity markets: Australia, the United Kingdom (UK), the
Nordic market, and the ERCOT and PJM markets in the United States. Our objective in
undertaking this review of international experience was to identify specific approaches or market
designs that have enabled customer loads to effectively deliver various ancillary services (AS)
products. We hope that this report will contribute to the ongoing discussion in the U.S. and
elsewhere regarding what institutional and technical developments are needed to ensure that
customer loads can meaningfully participate in all wholesale electricity markets.

Approach

We conducted an initial literature review of international electricity markets and focused on
those markets that had significant experience with load participation in providing ancillary
services. We reviewed technical reports, market data, tariffs, and operating protocols as well as
studies and evaluations prepared by consultants. Our literature review covered reliability rules,
market structure and design, rules, requirements and arrangements for ancillary services, and
customer experience and performance in providing these services. We also conducted interviews
with grid operators, academics, regulators and market participants familiar with each market.

Not surprisingly, we found that AS arrangements vary considerably across these electricity
markets. To facilitate comparative review and analysis, we developed a generic framework for
characterizing ancillary services based on functional equivalency. This framework defines six
generic ancillary services that are necessary for maintaining system reliability and security in
electricity markets (see Table 1):

e Ancillary services required during normal conditions
1. Continuous Regulation
2. Energy Imbalance Management

e Ancillary services used during system contingencies
3. Instantaneous Contingency Reserve
4. Replacement Reserve

e Other Ancillary Services
5. Voltage Support
6. Black Start

For each electricity market, we compiled and analyzed qualitative and quantitative information
on how ancillary services are provided and how loads participate and perform in their provision.



Table 1: Typology and definition of ancillary services

Ancillary Service Description

Continuous Regulation Provided by online resources with automatic controls that respond rapidly to
operator requests for up and down movements. Used to track and correct
minute-to-minute fluctuations in system load and generator output.

Energy Serves as a bridge between the regulation service and the hourly or half-

Imbalance Management hourly bid-in energy schedules; similar to but slower than Continuous
Regulation. Also serves a financial (settlement) function in clearing spot
markets.

Instantaneous Contingency | Provided by online resources equipped with frequency or other controls that

Reserves can rapidly increase output or decrease consumption in response to a major
disturbance or other contingency event.

Replacement Reserves Provided by resources with a slower response time that can be called upon

to replace or supplement the Instantaneous Contingency Reserve in restoring
system stability.

Voltage Control The injection or absorption of reactive power to maintain transmission-
system voltages within required ranges
Black Start Generation able to start itself without support from the grid and with

sufficient real and reactive capability and control to be useful in system
restoration.

Key Findings

e The functional equivalency model worked well in comparing arrangements for providing
ancillary services across the electricity markets considered, reflecting the similar
physical requirements of any large, interconnected electricity grid.

We found that each market incorporated all six generic ancillary services, although the
nomenclature, technical requirements and procurement details varied significantly.

e The cost of providing ancillary services in these five markets was modest, typically only
about 2-3% of the total monetary value transacted.

Despite the small dollar volume, these ancillary services markets are critical to power system
security and reliability and their overall value to society is quite high, given the value that
customers place on reliable electric service. Furthermore, even a small share of these very large
markets offers important inducements to potential load aggregators or some large end users.

e Customer loads are well suited to providing certain ancillary services, assuming
nondiscriminatory market rules; loads account for about half of the total resources
required for contingency ancillary services in the Texas and Nordic markets.

Table 2 shows the amount of resources provided by loads (in MW) for each ancillary service as
well as the market share for loads (in percent) of that ancillary service in each region/country. In
Texas, ERCOT’s “Load Acting as a Resource (Laar)” program has subscribed sufficient load to
provide half of the total Responsive Reserve requirements. In the United Kingdom, loads provide
almost one-third of frequency responsive Contingency Reserves. In the Nordic region, several of



the national grid operators (e.g. Fingrid and Statnett) procure comparable amounts of load and
generation to provide instantaneous contingency and replacement reserves. Norway’s grid
operator (Stattnett) also procures significant amounts of load to provide regulating power.
Finland’s grid operator indicated that they prefer loads to fast response gas turbines as a less-
expensive, less-troublesome form of operating reserve (Fingrid 2006).

Table 2: Load participation and market share (%) in providing ancillary services

Region/ System Continuous | Energy Imbalance | Contingency Replacement
Country Operator Regulation Mgmt Reserve Reserve
Reserves
Australia’ NEMMCO Nil Not Applicable Nil 375 MW (81%)
Nordic Energinet Nil Nil 50 MW (4%)
Region Fingrid Nil 120 MW (58%) 390 MW (39%)
Statnett 1481 MW (65%)°
Svenska Nil 870 MW (22%)
Kraftnat
Nordic Total 2911 MW (34%)
U.K./BETTA | National Grid Nil Load provided 160 MW (30%) 250 MW (15%)
30% of dispatched
reserve energy in
2003
Texas ERCOT Nil Negligible 1200 MW (509%); currently limited by
ERCOT rule
Mid-Atlantic/ | PIM Negligible* | Neg. Neg. 1600 MW (100%)
Midwest (Emergency);

e There appear to be no implicit or insurmountable barriers to loads providing any of the
four main ancillary services — Continuous Regulation, Energy Imbalance Management,
Instantaneous Contingency Reserves, and Replacement Reserves.

At present, customer loads are actively providing three of the four main ancillary services.
Continuous regulation services is provided exclusively by generators; several system operators
including PJIM and CAISO are conducting pilots and developing business rules to open up this
ancillary service market as well.

e Grid operator acceptance of loads providing ancillary services happens gradually. There
is a learning curve that both system operators and market participants must traverse in
order to build confidence in the use of loads as a source of operating reserve and
ancillary services. This learning curve can be accelerated by pilot projects, technology
development, and encouragement of innovation by aggregators and third party providers.

! Load participation in Network Loading Control in Victoria (350 MW/350 MW in Victoria, or 100 percent) is not
reflected in these numbers as well as tendering of load for seasonal operating reserves.

% The regulating and contingent reserve requirements vary from week to week depending on system needs. The
amount of load participation varies according to the auction results of the Regulating Capacity Options Market.
The value shown represents a maximum level of load participation from winter 2005.

$pIm only recently (May 2006) opened up this market to participation by loads.
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In the Texas market, load participation in providing ERCOT’s Response Reserving Service (e.g.,
instantaneous contingency reserve) was initially capped at 25 percent of the total requirement.
The cap on load participation has been steadily increased and is currently set at 50 percent of the
total requirement. Loads have cost-effectively and fully subscribed the capped amount. In the
Nordic region, early efforts focused on very large loads (greater than 25 MW) where the
investment in telemetry and frequency control equipment was easily justified. Over time the
technical and size requirements imposed by system operators have been relaxed as third party
load aggregators have developed and installed lower-cost communications equipment. These
load aggregators targeted customers with small (500 kW) back-up generators and dual-fuel
boilers as sources of regulating power and contingency reserves.

e Compensation for loads participating in ancillary services markets can be significant,
between $1.00 and $5.00 per kW per month in which the capacity is subscribed, plus
additional energy payments when operating reserves are activated.

Based on our review we found capacity payments for ancillary services ranged between $1 and
$5 per kW per month across the five electricity markets. However, comparing compensation
levels for ancillary services across markets is difficult, as requirements imposed on loads (or
generators) to provide a specific ancillary service varies. For example, in the Nordic region,
loads that bid into the Energy Imbalance Market and are compensated for their availability are
also on call to provide Instantaneous Contingency Reserves and Replacement Reserves. In
contrast, in Australia’s National Electricity Market (NEM), loads contracted as operating
reserves are only called upon in case of severe capacity shortage or system disturbance.

e Some market designs seem to have more “market space” than others for loads to provide
ancillary services.

Tightly-pooled real-time energy-only markets such as Australia’s NEM require minimal energy
balancing market and relatively modest expenditures for regulating reserves, contingency
reserves and replacement reserves. Other markets with market and system operating
characteristics that require greater operator flexibility tend to have larger requirements for
ancillary services and thus more opportunities for load to participate in providing them. For
example, in the U.K., the British Electricity Trading and Transmission Arrangement (BETTA)
requires significant frequency responsiveness that loads can effectively supply, while the Nordic
system is capacity constrained during the long peak winter season and requires additional
operating reserves that loads can effectively provide.

e Policymakers, regulators, system operators, and load aggregators all have important
roles in paving the way for more load participation in ancillary services markets.

The markets reviewed varied considerably in the emphasis that policy makers, regulators and
others placed on demand response and load participation in electricity markets. In the Nordic
region load participation is viewed as a critical “pillar” of the interconnected electricity market’s
sustainability and reliability. Each Nordic system operator has developed *“action plans” for
increasing demand response in retail and wholesale markets. In Australia much electricity policy
is made at the State level, and support for demand response varies according to short-term
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resource adequacy and the degree of retail competition. Both the PUCT in Texas and Ofgem in
the U.K. have been long-standing supporters of load participation in wholesale markets; their
support is reflected in high levels of load participation in both energy and ancillary services
markets.

System operators strongly influence opportunities for load participation through their
interpretation of reliability rules, conduct of procurements, and implementation of business rules
and operating protocols. In the U.K., National Grid’s strict adherence to the principle of source-
neutrality led directly to business rules and operating protocols that favored load participation in
BETTA’s Fast Reserves and Standing Reserves markets. Australia’s NEMMCO has chosen
loads to provide all of the network control ancillary services requirements in Victoria as well as
for temporary operating reserves required by system reliability rules.

Third parties and load aggregators have played a pivotal supporting role by providing
innovations in enabling technology and market development leading directly to load
participation in ancillary services markets. This role will likely continue as technology
advancements open up new load aggregation possibilities extending even to household-level
end-uses.

e In afew cases, the market design and ancillary services requirements make it possible for
loads to simultaneously accommodate multiple grid services needed by system operators.

In certain Nordic markets, loads can provide multiple grid services: Instantaneous Contingency
Reserves and/or Replacement Reserves and regulating power. In Statnett’s Regulating Capacity
Options Market (RCOM), loads bid in on a weekly basis during the winter peak season when
capacity is short. Those loads selected are then on call in the regulating power market and must
provide hourly bids to the energy imbalance (real time) market. If insufficient regulating reserves
are available then the high bids of the participating loads are accepted in order to clear markets in
real-time and set the balancing price. These same loads are also available to respond in the event
of a system disturbance. In this design, a single MW of load provides three different services
(price elastic bidding in the day-ahead market, participation in the real-time balancing market,
and provision of manual replacement reserves), according to the needs of the market and the
system operator.* ERCOT’s Load-as-a-Resource program is also configured to allow loads
acting as operating reserves to provide not only Responsive Reserve Service but also Regulation
Service and Balancing Energy Service (ERCOT 2006b).

e Loads that are well-suited to provide ancillary services include large industrial batch
processes, refrigerated warehouses, electric water heaters, dual-fuel boilers, and
buildings with sufficient thermal mass to retain ambient temperatures for brief periods
without air conditioning.

Loads participating in ancillary services markets prefer a steady revenue stream and minimum
perceivable disruptions to their core business, easy to understand rules, effective
communications with the system dispatcher, and a sense that their participation is socially

# Statnett has also initiated research activities into use of demand as Instantaneous Contingency Reserves, but this is
not yet commercialized.
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beneficial. Although customers tend to view all electricity markets as similar, operators and
aggregators certainly do not view all loads as similar. Some loads are particularly suitable to
providing ancillary services, especially facilities or processes that have sufficient thermal
capacitance or fuel-switching capability to accommodate frequent, brief interruptions without
adverse effect. These loads include industrial batch processes, refrigerated warehouses, electric
water heaters, dual-fuel boilers, and any building with sufficient thermal mass to retain its
ambient temperature for brief periods without air conditioning.

Suggestions for U.S. policymakers and grid operators

For U.S. policymakers and system operators interested in facilitating load participation in
ancillary service markets, we offer the following suggestions based upon our review of
international experience.

e The regulator and system operator are pivotal in setting and administering the technical
and operating requirements for loads providing ancillary services. Of particular
importance is establishing market designs and reliability requirements that are *“source-
neutral”, e.g., the performance requirements are functional rather than prescriptive as to
the resource providing the service.

e Pilot projects conducted by system operators can help establish and/or refine technical
requirements that may not be source-neutral by testing innovative ways that loads can
participate in ancillary services markets.

e Transparent (and frequent) procurements of operating reserves on terms that do not
discriminate between loads and generation are essential.

e A predictable and steady revenue stream encourages entry by load aggregators and large
customers. This typically involves reservation payments to compensate loads (and
generators) for their availability as well as additional payments when the system operator
calls upon loads (or generators) to respond and perform during events.

e Periodically review and adjust technical requirements, operating protocols and business
rules based on actual experience, rather than retaining historical precedent.

e Assure that markets that co-optimize energy and ancillary services do not unduly penalize
the ability of loads to compete in offering ancillary services, by forcing them to provide
services they did not offer to supply.

e Encourage participation by third party providers and aggregators, as they are a proven
source of both technical and marketing innovation.

e Remove any artificial or unnecessary restrictions to resources offering into more than one
market, where consistent with overall market design, procurement arrangements and
operating requirements.

e Develop a stakeholder process to work through participation details, such as technical
requirements and business rules.
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1. Introduction

Ancillary services are an integral part of any well-functioning interconnected power system.
Interest in how ancillary services are organized and procured has increased in the U.S. over the
last decade, spurred by the Federal Energy Regulatory Commission’s attempts to promote more
competition in wholesale electricity markets (e.g. functional unbundling of generation and
transmission services). In Order 888, FERC defined six generic types of ancillary services and
indicated that customer loads should have opportunities to participate in these markets as part of
its overall goal to facilitate more competitive markets.> Specifically, FERC has indicated that
“demand must have the opportunity to supply operating reserves if it meets the necessary
operational requirements, which should be designed to enable demand response participation”
(FERC 2002a).

The potential benefits of load participation in ancillary services markets include: (i) improved
system reliability, as participation by loads provides system operators another option to support
local reliability and ameliorate transmission congestion, or reserves shortages; (ii) improved
market efficiency, as more competition in ancillary services markets may reduce costs; (iii)
improved risk management, as both market participants and system operators have more choices
in how they hedge their exposure to ancillary service price volatility;® (iv) market power
mitigation, as load participation reduces the ability of generators to bid up the price of ancillary
services; and (v) improved system efficiency and planning, as the availability of loads may
reduce the requirements for out-of-merit, reliability-must-run, and other reliability-induced
uneconomic operations (NARUC 2002).

This study examines the relationship between market design and ancillary services provision in
selected electricity markets, with a focus on the potential role of customer loads. The primary
objectives of our comparative review are to identify specific approaches (e.g., reliability rules,
market designs, institutional arrangements, technologies, procurement processes) that have
proven successful in facilitating participation by customer loads in providing ancillary services.
We also explore the potential application of these approaches to U.S. electricity markets.

This report is timely given increased interest in the potential role of loads providing ancillary
services in several U.S. regional power markets. In May 2006 PJM opened most of its ancillary
services markets to participation by customer loads (PJM 2006a). ISO New England and the
California ISO (CAISO) are conducting pilots to test the feasibility of smaller loads participating
in various ancillary services markets (i.e. ISO-NE Demand Response Reserves Pilot and the
CAISO/CERTS Spinning Reserve Demonstration Pilot).” Our intent is that this comparative
review of experience with loads providing ancillary services in other electricity markets will
contribute to this process.

> The ancillary services listed include: 1) Scheduling, system control and dispatch, 2) voltage control, 3)
regulation and frequency response, 4) energy imbalance, 5) operating reserves-spinning reserves, 6) operating
reserve-supplemental reserve.

® In some market designs market participants can choose whether to self-provide, bilaterally contract, or
purchase ancillary services from the RTO.

" See 1ISO-New England Demand Response Reserves Pilot at
http://www.iso-ne.com/genrtion_resrcs/dr/sp_proj/pilot/index.html and CAISO/CERTS Spinning Reserve
Demonstration pilot at http://certs.Ibl.gov/certs-loadkey-drsrdp.html




We also note the growing volume of research suggesting that some loads have characteristics
that are particularly well-matched to provide certain ancillary services: the ability to be quickly
cycled on and off, high availability levels during periods of most-likely need or highest value,
very rapid response, inherent redundancy, and locational dispersion (ORNL 2004a). Moreover,
ancillary service costs may increase in the future either through retirements of many older
marginal generation units, increasing fuel prices, reduced reserve margins, or increased
concentration of generation supply ownership. Both of these factors argue for system operators
to consider greater participation by loads in providing ancillary services.

The remainder of this study is organized as follows. In section 2, we describe the methods and
sources used in this study, including our efforts to define generic ancillary service functional
requirements in order to facilitate our comparative review of five electricity markets. In section
3, we briefly review the major features of the five electricity markets included in this study. In
section 4, we provide detailed descriptions of the ancillary services arrangements in the five
electricity markets, including physical system requirements, procurement processes and technical
requirements for load participation. We also summarize the extent of load participation in
providing ancillary services in each market, including actual performance during system events,
and a description of the barriers to additional load participation in providing ancillary services.
In section 5, we synthesize and present major findings of our comparative review.



2. Conceptual Overview and Typology of Ancillary Services

This chapter describes our research approach and presents the ancillary services typology we
developed to facilitate comparative review of how loads provide ancillary services in different
electricity markets.

2.1 Approach

The research approach consisted of five steps: (1) selecting regional electricity markets to be
examined; (2) reviewing the available literature; (3) conducting a telephone/email survey of
practitioners familiar with each electricity market (e.g., system operators, regulators,
consultants/academics, load aggregators); (4) preparing detailed summaries of load participation
in each electricity market reviewed (see Appendices); and (5) synthesizing results and key
findings.

2.1.1 Selecting Electricity Markets for Review

We limited our study to countries and regions with well-established wholesale electricity market
designs and system operators with significant experience under that market structure. The United
Kingdom (U.K.) market was included because of its long experience with electricity market
reform and its current market design that emphasizes bilateral long-term contracts and bilateral
day-ahead trading for most electricity transactions, with the system operator mostly responsible
for Balancing Services. The Australian electricity market was included because of the excellent
documentation available and the many entry points for demand response in its retail and
wholesale markets. The Nordic trans-national electricity market was included as it combines
central day-ahead and spot energy-only markets with AS provided by national grid operators.
Due to limited resources, we did not include other restructured electricity markets such as
Alberta, New Zealand, other countries in the European Union, or the Southern Cone (e.g., Chile
and Argentina). We also included two U.S. electricity markets that represent differences in
design of organized markets: PJM, whose multiple centrally dispatched day-ahead and real-time
markets are representative of other ISO/RTOs in the Northeastern U.S., and ERCOT, which
features an emphasis on bilateral transactions and a small spot energy market together with other
essential balancing services.

2.1.2 Technical Approach

We reviewed the English language literature for the five selected electricity markets, focusing on
how ancillary service needs are determined and provided and what technical requirements (e.g.,
size, performance, telemetry and metering) are placed on ancillary service providers. We
supplemented these materials with surveys and telephone interviews of grid operators, market
participants, regulators, and academic observers for the three international markets.

We prepared summaries of the three overseas electricity markets, which included the following:®
o Overall electricity market structure, including wholesale energy and ancillary markets;

® Separately-bound Appendices provide detailed Market and Program Descriptions for Australia’s NEM, the
U.K.’s BETTA, and the Nordic Power Pool



Reliability requirements for ancillary services resources;

Market rules pertaining to ancillary services;

Market statistics and trends in ancillary services;

Participation and performance of customer loads in providing ancillary services.
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2.2 Typology of Ancillary Services

Electric power systems have two unique requirements which must be continuously satisfied in
order to maintain overall system stability and reliability: (1) maintaining a constant balance
between generation and load, and (2) managing power flows within the constraints of individual
transmission facilities. In most electricity markets, these operational requirements were
historically managed by vertically integrated utilities as a normal part of the electricity business.
With industry restructuring (and functional unbundling), the services needed to meet these
operating requirements have been broken out and provided for separately. The FERC has defined
ancillary services as those “necessary to support the transmission of electric power from seller to
purchaser given the obligations of control areas and transmitting utilities within those control
areas to maintain reliable operations of the interconnected transmission system”, and has
provided broad oversight and guidelines regarding their provision and pricing (FERC 2002a; see
Orders 888,889, and 2000).

Balancing generation and load instantaneously and continuously is difficult because loads and
generators are constantly fluctuating. Minute-to-minute load variability results from the random
turning on and off of millions of individual end use devices. Longer-term variability results from
predictable factors such as daily and seasonal usage patterns. Generators also introduce
unexpected fluctuations because they do not follow their generation schedules exactly and may
trip unexpectedly due to equipment failure. The output from wind generators or other distributed
energy resources adds another dimension of resource variability. The requirement for self-
scheduling or operator-provided scheduling by and for multiple market participants — generators,
load serving entities, retailers and large customers — introduces small errors which can affect
upward or downward system balancing needs in unpredictable ways (ORNL 2004b).

Every market design must grapple with the optimal approach to provide these ancillary services
(e.g., lowest cost, most reliable, lowest market concentration, greatest flexibility). Review of
U.S. and international electricity markets shows that there are many possible arrangements, and
that gradual improvements in market design, including ancillary services arrangements, are
typical.

While there is considerable functional similarity in ancillary services across markets, there is also
significant variation in how the services are organized, procured, and priced. To facilitate our
comparative review, we have created a typology of ancillary services based on a functional
analysis of power system operational requirements. We identify six discrete ancillary services
that are necessary in power systems, irrespective of market structure and design (see Table 3). In
our typology we try to avoid terms with specific meanings in particular electricity markets in
favor of a generic terminology that can be used to characterize ancillary grid services across
different market structures and designs.



Table 3: Typology of Ancillary Services

Ancillary
Service

Description

Response Speed Duration Dispatch Frequency

Normal Conditions

Continuous
Regulation

Provided by online resources with automatic controls that respond rapidly
to operator requests for up and down movements. Used to track and
correct minute-to-minute fluctuations in system load and generator
output.

~1 min Minutes Minutes

Energy
Imbalance Management

Serves as a bridge between the regulation service and the hourly or half-
hourly bid-in energy schedules; similar to but slower than Continuous
Regulation. Also serves a financial (settlement) function in clearing spot
markets.

~10 minutes 10 min to hours 10 min to hours

Contingency (Disturbance) Conditions

Instantaneous Contingency
Reserves

Provided by online resources equipped with frequency or other controls
that can rapidly increase output or decrease consumption in response to a
major disturbance or other contingency event.

Seconds to <10 min 10 to 120 min Hours to Days

Replacement Reserves

Provided by resources with a slower response time that can be called
upon to replace or supplement the Instantaneous Contingency Reserve in
restoring system stability.

<30 min 2 hours Hours to Days

Other Services

Voltage Control The injection or absorption of reactive power to maintain transmission-
system voltages within required ranges.
Seconds Seconds Continuous
Black Start Generation able to start itself without support from the grid and with

sufficient real and reactive capability and control to be useful in system
restoration.

Minutes Hours Months to Years

Continuous Regulation reserves and Energy Imbalance Management continuously maintain the
generation and load balance under normal conditions. Two additional ancillary services —
Instantaneous Contingency Reserves and Replacement Reserves — restore the generation and
load balance in the event of a system disturbance or contingency (e.g., the sudden, unexpected
loss of a generator or transmission interconnection). Voltage Control and Black Start are not
likely to be provided by responsive loads, but are included for completeness. VVoltage support



involves the control of reactive power to maintain acceptable voltages throughout the power
system under normal and contingency conditions. Black Start provides the generation resources
necessary to restart the power system in the unlikely event of a major blackout. These ancillary
services are described in more detail in the following sections.

2.2.1 Continuous Regulation

The Continuous Regulation service matches aggregate generation with aggregate load on an
ongoing basis. This service is primarily provided by a dedicated resource, usually a generator,
whose output is adjustable via Automatic Generator Control (AGC) or equivalent so that the
dispatcher can accommodate the minute-to-minute fluctuations of load and generation.

Continuous Regulation is essential in maintaining system frequency. If generation exceeds load
then frequency rises. If load exceeds generation frequency falls. Continuous Regulation is also
important in controlling inter-area power flows. If generation exceeds load within one balancing
area, then power will flow over the transmission line ties to adjacent areas. Continuous
Regulation can be dispatched (controlled) based on either frequency or inter-area tie flow or
both. The control mechanism is different in different parts of the world based both upon physical
characteristics of the power system (size and stiffness) and control philosophy. In North America
power systems, frequency is typically tightly controlled (+/-0.035hz). In other regions of the
world, frequency is allowed to drift over a larger range (e.g., +/-0.5Hz in the UK). There are
advantages and disadvantages to each approach. One implication of these alternative control
mechanisms is that regulating units can be controlled based upon frequency in the UK, while in
North America, they are typically controlled through a central AGC which takes both inter-
balancing area tie flows as well as system frequency into account.

2.2.2 Energy Imbalance Management (Load Following)

Energy Imbalance Management is needed to ensure that generation and load schedules are
balanced over short time frames so that markets clear and the physical system is in balance.
Regardless of electricity market design, system operators must always reserve sufficient
resources to ensure that aggregate energy supply and demand are continuously balanced. During
peak periods (either summer or winter), the tendency is for some generators to fully bid into the
day-ahead market in anticipation of a higher price, resulting sometimes in insufficient
moderately-priced capacity available for final balancing. This creates a need for whoever is
financially exposed to high prices in the imbalance market to acquire a hedge in the form of
additional operating reserves. Similarly, in electricity markets with centralized pool dispatch,
there is a need to provide incentives for resource owners — generation or loads — to carry out
dispatch instructions that may vary from the day-ahead schedule due to real-time balancing
needs. In PJM, for example, the incentive comes in the form of a multi-settlement system where
resource owners receive a real-time Locational Marginal Price (LMP) greater than the day-ahead
LMP if they alter their day-ahead schedule to suit the dispatcher’s real-time requirements.
Energy Imbalance Management also serves a financial function, as the market-clearing price(s)
establishes the financial exposure of buyers (sellers) who are short (long) in the spot market.



Continuous Regulation and Energy Imbalance Management, along with the operation of day-
ahead and hourly energy markets, are sufficient to control the interconnected system under
normal operating conditions.

2.2.3 Instantaneous Contingency Reserves (ICR)

Normal system operations are infrequently punctuated by unexpected generator outages and
transmission line failures. Planners account for these situations by making sure system operators
have a coordinated set of operating reserves that can respond to contingencies without affecting
overall reliability. The concept and application of Instantaneous Contingency Reserves is
surprisingly consistent across electricity markets, although the exact requirements vary (e.g.,
response time, duration, volume).

Instantaneous Contingency Reserves (ICR) operates to restore the balance between generation
and load after the sudden unexpected loss of a major generator or transmission line. Power
system frequency drops suddenly when generation trips (see Figure 1). Since there is insufficient
time for energy markets to react, the dispatcher must have enough Instantaneous Contingency
Reserves available to compensate for the worst credible event, or contingency. For example, in
the Texas power system, the simultaneous loss of two nuclear plants is recognized as the worst
credible event and ERCOT maintains ~2600 MW of ICR. As shown in Figure 1, frequency-
sensitive generator governors respond immediately to stop the frequency drop, returning the
system frequency to 60 Hz within 10 minutes.
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Figure 1. Use of Instantaneous Contingency Reserves to Restore Stability

The capacity resources providing ICR are typically much larger and called upon less frequently
than those required for Continuous Regulation. The cost of ICR are driven by the resource’s
opportunity costs, since any capacity held back as an operating reserve cannot participate in the



bilateral or spot electricity markets.” Speed is critical for restoring system stability due to
unexpected events, and Instantaneous Contingency Reserves are therefore distinguished
according to how quickly they can respond. Reserves that are synchronized to the system
(sometimes called “spinning reserves”) or equipped with frequency relays can respond almost
immediately and provide frequency support or voltage support for a short duration (minutes to
hours). If the contingency persists, then it becomes necessary to replace or supplement ICR with
additional operating reserves (i.e. Replacement Reserves). All five electricity markets utilized
this cascading approach for ancillary services to manage system contingencies.

2.2.4 Replacement Reserve Service

Replacement Reserves have slower response times but are capable of responding over longer
durations. They are typically used to supplement or replace Instantaneous Contingency Reserves
in restoring frequency and preserving system stability. Replacement Reserves cover a broad
spectrum of resources, response times, durations, and activation methods (e.g., automatic or
manual). These reserves must be able to respond within 15-30 minutes in our functional typology
(see Figure 2). Replacement Reserves are often high-cost generators that do not normally bid
into bilateral or spot markets and can start within 30 minutes, or loads that can be interrupted on
15 or 30 minutes notice. Replacement Reserves are called upon infrequently but must be
reserved through ongoing capacity payments to be available on short notice and at all times.

Automatically Manually
Instantaneous Contingency Activated activated
o| Reserve Replacement Replacement
% serve Reserve
o

Order
+15 min

Time

30s 15 min

Order +

Figure 2. Cascading Contingency Reserve Arrangements

% Reservation (capacity) payments for Instantaneous Contingency Reserves are typically less than payments for
Continuous Regulation.




Replacement Reserves are the ancillary service with the largest load participation, as the
requirements specified by system operator for response time and communications and control are
relatively “load-friendly.” The combination of a steady revenue stream from capacity reservation
payments plus the infrequency of operation is attractive to customers and load aggregators.

2.2.5 Severe (Multiple) Contingency Reserves

Severe, or Multiple, Contingency Reserves are not an ancillary service per se but are part of the
system emergency practices of all system operators. All power systems are susceptible to
collapse under certain foreseeable but highly unlikely contingencies or combinations of
contingencies. Although large power systems are designed to withstand credible single
contingencies, such as the sudden loss of any single element (sometimes called an N-1
contingency), it would be uneconomical to plan and build a power system that was immune from
all possible contingencies, such as the loss of two or more large generators or transmission
circuits.

However, power system operators do consider credible multiple contingencies, often called N-2
or Category C contingencies, and provide operators with emergency procedures to deal with
them. For example, in North America, a significant amount of load is attached under-frequency
and under-voltage relays. Additional load is attached to relays that are under the command of
system operators and can be shed “manually” within 10 minutes. The basic requirements are
established by NERC and the exact amounts are specified by the Regional Councils (NERC
2004). It is noteworthy that these reserves are exclusively comprised of loads (although
involuntary and uncompensated) that respond very fast and are relied upon as a stopgap to
prevent system collapse. We found a similar practice was used in the Australian electricity
market, which relies on uncompensated under-frequency load shedding when transmission
outages plus heat-induced demand volatility combine to create a multiple contingency event.

2.2.6 Other Ancillary Services

Other ancillary services, including Voltage Support and Black Start Service, are not addressed in
this study, primarily because they are not of commercial interest to loads and are unlikely to
become so in the future. However, these other ancillary services are crucial for the proper
functioning of synchronized generation and transmission networks and often accounts for a large
share of total ancillary services expenditures (FERC 2005).

e Voltage Support Service. Reactive power, just as real power, must be balanced
throughout the power system. Failure to do so can result in voltage collapse and
cascading blackouts. Static reactive power support is provided by capacitors embedded
throughout the grid, while dynamic reactive support must come from generators,
synchronous condensers, or dynamic transmission devices. To date there have not been
any loads that are capable of supplying dynamic reactive reserves to the power system.*
Reactive supply is typically not procured through competitive markets (ORNL 2006a).

10 Large variable frequency motor drives or solid-state uninterruptible power supplies could conceivably be built
with dynamic reactive power capability for grid support.



Black Start Service. The system operator must have resources available to restart the
power system in the event of a massive blackout. Black Start Services must come from
generators that can start on their own and that have enough real and reactive capability to
energize transmission and restart additional generators (ORNL 1999). Loads themselves
are not able to supply this service, although loads can be useful in the process of re-
energizing the interconnected system (NYISO 2004). Loads associated with large
generators might have sufficient capability to be useful as black start units.
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3. Market Descriptions

Wholesale electricity markets vary considerably in their design with periodic and ongoing
refinements/changes to market and business rules. Thus, we do not attempt a comprehensive or
even systematic description of the five electricity markets reviewed, other than to point out some
general tendencies and broad parameters that affect how loads participate in these markets (see
Table 4). For example, it is instructive to categorize a market design in terms of: (i) the
dominant form of electricity transactions, e.g., through centralized, bid-based pools or through
bilateral trade;'! and (ii) the extent and type of markets administered by the grid operator (e.g.
energy-only vs. energy, capacity, transmission rights). Our brief review of these five mature
electricity market designs is limited to a discussion of how the market design and structure
affects the prospects for load participation, especially in the provision of ancillary services
markets.

3.1 Australia’s National Electricity Market

In Australia’s National Electricity Market (NEM) wholesale trading in electricity is conducted
via an energy-only, single auction spot market, where supply and demand are instantaneously
matched in real-time through a centrally-coordinated dispatch process.? The NEM is very close
to a pure market pool design, as Generators offer to supply the market with specific amounts of
electricity at particular prices, and the system operator’s dispatch engine determines the most
cost efficient resource mix, taking into account both the need for energy and the need for
operating reserves. The system operator then dispatches these generators into production
(NEMMCO, 2005). For each 30-minute interval, a zonal price is determined for each of the six
regions of the NEM.

The number of formal Market Participants in the NEM is fairly limited and includes:

e Market Generators, who sell their entire electricity output through the spot market and
receive the spot price at settlement. Scheduled Market Generators are larger than 30
MW, while Non-scheduled Market Generators are smaller or have intermittent
production characteristics (e.g., wind generating units).

e Market Network Service Providers (including Transmission Network Service Providers
and Distribution Network Service Providers), who own and operate networks linked to
the national grid. They pay market participant fees and obtain revenue from trading in the
NEM.

e Market Customers, who purchase electricity supplied to a connection point on a NEM
transmission or distribution system for the spot price. Market customers include
Electricity Retailers, who buy electricity at spot price and retail it to end-users and End-
use Customers, who buy directly from the market for their own use.

In 2005, there were 102 NEM market participants, primarily generators and market customers,
and about 176 TWh of electricity transactions were settled based on the pool price (NEMMCO

M organized markets that feature centralized pools, it is worth noting that a significant share of energy is procured through
bilateral forward contracts between load serving entities/retailers and generators.

2na Single Auction Power Pool only suppliers submit their bids and these bids are then stacked in increasing

order of prices. The highest priced bid that intersects with the system demand forecast determines the market price.
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2006a). As an energy-only single-settlement market, the NEM is prone to price volatility,
especially during the hot summer months. Market participants in Australia manage the risks
associated with their activity in several ways: (i) by entering int